Abstract-Polarization properties of horn antenna are studied in the paper. The linear and circular polarized horns are simulated. There are four lobes in the cross-polarization pattern of linear polarized horn. And the phase of cross-polarization is changed at each bound of the quadrants. That of co-polarization, meanwhile, keeps almost the same value. There is a notch in the center of circular polarized horn cross polarization pattern. And the phase of both co-polarization and cross-polarization is continuous. Far field and near field measurement of horn antenna is analyzed to demonstrate the simulation.
I. INTRODUCTION
There are two types of technical measure for the enhancement of anti-active jamming in radar system according to radar signal processing [1, 2] . One can be called space signal processing method [3, 4] . It means that the electromagnetic waves should be processed before entering the receiver. The interfering electromagnetic waves are undermined or reduced and the useful signal voltage level is promoted to improve the quality of signal reception. The other is the common signal processing [5, 6] . The receiver firstly amplify and filter the waves. Appropriate signal processing is carried out for the waves according to the differences on wave forms, spectrum structure or the polarization between the useful signal and jamming for suppression of interference.
In the field of radar anti-active jamming in polarization, polarization filtering and polarization discrimination of active decoy are the main anti-interference methods [7] [8] [9] [10] .Both methods are based on the difference between the active jamming and radar target in polarization characteristics. So the polarization characteristics of the antenna should be studied firstly.
Horn antennas are widely used as feeds for reflector antennas [11] , as elements for phased arrays [12, 13] and as reference antennas for testing and evaluation purposed [14, 15] . Corrugated horn antennas are one class of antennas that can achieve very low cross-polarization levels [15, 16] . The highly symmetric field distribution at the aperture contributes to the low cross polarization property.
In this paper, horn antenna of both linear and circular polarized are simulated to study the polarization characteristics. And also some measurement data of horn antenna to analyze the polarization properties.
II. DEFINITION OF CROSS POLARIZATION
Early in the 1970s, the study on the polarization characteristics of antenna was reported [17] . Until now, the application research of polarization is still hot. Co-polarization and cross-polarization definition is uniform. Ludwig gave the definition of cross polarization systematically [18] .
Ludwig's first definition for cross polarization refers to co-polarization and cross polarization directions that coincide with a rectangular coordinate system. Projection of the electric field vector onto the two Cartesian unit vector x and ŷ lying in the aperture plane. [18] Ludwig's third definition is not easy to formulate in terms of simple coordinate system unit vectors. [18] ( ) ( ) ( ) ( )ˆ The simulation results of the primary and cross polarization radiation pattern of a linear polarized horn antenna are shown in Fig 1. There are four lobes in the cross polarization radiation pattern. And there is a groove of the amplitude between the adjacent two lobes. The position of the main beam of the primary polarization radiation pattern is the same to that of the four lobes of the cross polarization.
Polarization characteristics of ϕ with 45 and 75degrees are shown in Fig. 2 . The maximum area in primary polarization is just the center of the four lobes in cross polarization. The cross polarization is gradually reduced from 45 degrees to 75 degrees. So the cross polarization of 75 degrees is lower than that of 45 degrees. And the lowest cross polarization are at 0 degree and 90 degrees, the grooves in Fig. 1 . The phase relationship of co-polarization and cross-polarization is shown in Fig. 3 . The phase angle changes with angel of ϕ (called "Phai" in Fig.) when 40 θ =  . It can be seen that the phase fluctuation of co-polarization is very small. But the phase angle in cross-polarization changes very clearly and regularly. The angle is almost the same in each quadrant. There are angle jumps of 180 degrees between any two adjacent quadrants. That means a phase inversion. The phase inversion area is just the amplitude groove in Fig.1 . 
B. Circular Polarized Horn
The simulation results of the cross polarization radiation pattern of a circular polarized horn antenna are shown in The cross polarization radiation pattern of circular polarized horn is unlike the linear polarized. There is no 4 lobes here. It is annular with a notch in the center, just like a crater. The location of the notch is corresponding to that of the maximum value in the primary polarization. It can be known from the two-dimensional data. And Fig. 5 is one section of the primary and cross polarization. At any angle of ϕ , the value is nearly the same to that in Fig. 5 . The phase relationship of co-polarization and cross-polarization is shown in Fig. 6 . The phase angle changes with angel of ϕ (called "Phai" in Fig.6 ) when 40 θ =  . It can be seen that the phase of both primary and cross polarization varies linearly with the angle of ϕ . 
IV. MEASUREMENT ANALYSIS
One linear polarized horn radiation pattern was measured by the near field measurement method. The primary and cross polarization pattern are shown in Fig. 7 . The four lobes can be seen clearly in the cross polarization pattern. In order to obtain the similar results with the simulation, strict coordinate calibration was carried out in the measurement. The polarization definition are the same in both transmitting and receiving system. That means that there is no polarization mismatch between the two systems. Another horn measurement by far field measurement method is shown in Fig. 8 (a) . There are two problems here because of the measurement without good coordinate correction. One problem is the maximum value in the primary polarization deviates from the 0 degree of the mechanical coordinate. The other is the shape of cross polarization, without notch, is similar to that of the primary due to the polarization mismatch. Formula * is used here for the polarization matching. 
V. CONCLUSION
The simulation and measurement of horn antenna are carried out for the polarization characteristics analysis. The conclusion is as followings:
• There are four lobes in the cross polarization pattern of linear polarized horn. There are phase inversions between any two adjacent quadrants.
• The cross polarization pattern of circular polarized horn is annular with a notch in the center, but without the 4 lobes. And the phase of both co-polarization and cross-polarization are continuous.
• Strict coordinate correction is need in the measurement to get accurate polarization data.
